Background: Independent associations between screen time (ST)/physical activity (PA) and overweight (OW)/obesity have been demonstrated but little research exists on the role of ST among sufficiently active children. Purpose: To examine the combined influence of ST and PA on risk of OW/obesity in a nationally representative sample of 9-year-old Irish children. Methods: The sample in this cross sectional analysis contained 8568 children. Self-report parent data were used to group children into ST and PA categories and related to OW/obesity using forced entry logistic regression. Results: High ST (> 3 hours/day), bedroom TV and mobile phone ownership increased risk of OW/obesity in high and low active children (P < .05). Low PA (<9 bouts fortnightly) was also associated with OW/obesity. In combined analyses, OW/obesity was lowest in the reference low ST/high PA group with ORs of 1.38, 1.63, and 2.07, respectively, in the low ST/low PA, high ST/high PA, and high ST/low PA groups. Access to electronic media, low socioeconomic status, parental obesity, and not engaging in sports were all related to high ST (P < .05). Conclusion: This study supports findings that ST is associated with OW/Obesity demonstrating this separately in high and low active children.
Ireland like many other developed nations is facing the challenge of tackling the rise in obesity, which is now evident in preadolescent children. The most recent International Health Behavior in School Children survey 1 revealed that 14% of 11-year-olds worldwide are overweight (OW) or obese. Rates are highest in the US at 26%, lowest in the Netherlands at 6%, and rates in Ireland are at 16%. This data are self-report and likely to be a significant underestimate of true obesity. In fact, an earlier study using objective measures of weight and height 2 reported that 27% of Irish 9-yearolds were OW/obese. There is evidence that weight patterns can be established from an early age 3 and that children who are OW/obese are more likely to remain in these states into adulthood. 4 Hence a focus on factors associated with OW/obesity in preadolescent children is justified.
Screen time (ST) and physical activity (PA) have both been widely studied as determinants of OW/obesity in children. Although earlier papers refer to the possibility of screen based pursuits displacing PA, 5, 6 the relationship between these behaviors is likely to be more complex. Others point to a very weak or no association between these behaviors and argue that children have sufficient time for both PA and screen-based leisure pursuits. [7] [8] [9] Overall ST and TV viewing time is associated with obesity in preadolescent children in a number of cross-sectional studies 8, 10, 11 and also predicts changes in body fat and obesity in a number of prospective studies. [12] [13] [14] Importantly, these associations are independent of PA. The evidence for an inverse association between PA and OW/obesity in preadolescent children is not unanimous. Inverse associations are reported in some studies [15] [16] [17] but not in many others. [18] [19] [20] More recently there have been investigations into the joint associations of PA and ST in the development of OW/obesity in children, frequently using data collected from large-scale national surveys involving preadolescent and adolescent children. [21] [22] [23] These all show the highest risk of OW/obesity in boys and girls with highest ST/lowest PA compared with the reference group of those with the lowest ST/highest PA, with other ST/activity combinations at intermediate risk. However, a key question, not adequately addressed, and critical for pediatric health priorities, is whether high ST is associated with OW/obesity in sufficiently active children. If not, resources might be better targeted at increasing both moderate and vigorous PA, rather than intervening to reduce ST. Ideally, this question should be addressed separately in preadolescent children, given the results of a recent study indicating the importance of ST for BMI in preadolescent children but PA for BMI in adolescents. 3 The purpose of this analysis was therefore to examine the combined influence of ST and PA on risk of OW/obesity in a large nationally representative cohort of 9-year-old Irish school children, with particular reference to the risks of high ST in the most active of these children. A further aim of the analysis was to examine the correlates of high ST in this cohort.
Methods

Design
A detailed summary of the design, sampling, procedures, and instruments used in the study is available online (www.growingup.ie). 24 Briefly, the Growing Up in Ireland study is a longitudinal study undertaken to describe the lives of Irish children. This includes understanding the many and varied influences on, and indicators of health and well being throughout childhood. Two nationally representative cohorts of children (infants and 9-year-olds) were 
Participants
The population for this research was 9-year-old children living in Ireland and their parents. A 2-stage sampling method was used; 910 schools were selected from a list of 3200 primary schools stratified according to region, disadvantaged status, denominational status, number of 9-year-olds and gender. In the second stage 9645 out of 17,054 families, who were randomly selected in the schools using random numbers, consented to participate representing a 57% response rate. Ethical approval was acquired from the Ethics Committee of the Health Research Board in Ireland. Consent was acquired from the principal of schools selected and subsequently from the parents/guardians of the children and the children themselves.
Data Collection
After a 4-stage piloting process to refine study procedures and instruments, 25 appointments were made with participating households to collect data from the child and primary caregiver (usually the mother). Information was collected by trained interviewers using the CAPI (computer assisted personal interview) procedure.
Instruments and Measures
Questionnaires were drafted following consultation and piloting with research and health professionals and a children's advisory forum. The parental questionnaire was completed by the primary caregiver and was used as the main source of data for this analysis. Relevant data were all categorical in nature. Child's participation in hard exercise over a 2-week period was measured using a question adapted from the Leisure Time Exercise Questionnaire, which has good validity and reliability properties in relation to measuring PA. 24 Data on time spent in leisure activities and activities undertaken with parents, which were collected using items from the UK Millennium Cohort Study and the Canadian National Longitudinal Survey of Children and Youth were also analyzed as were data on the presence of electronic equipment in the child's room, sport club membership, mobile phone ownership and social class (SC; SC1-2: highest SC, SC5-6: lowest SC). Data were also collected on frequency of intake (once, more than once, or not at all) of soft drinks and sugary foods in the last 24 hours. The height and weight of the primary caregiver and child were measured and recorded by the interviewer and used to derive BMI scores.
Data Analysis
Parents were characterized as normal (< 25 kg/m 2 ) or OW/obese (≥ 25 kg/m 2 ). Children were similarly dichotomized using previously developed cut offs for this age group (males < or ≥ 19.1 and females < or ≥ 19.07). 26 Parental accounts of the number of days of participation in hard exercise in the past 2 weeks were used to categories children as engaging in low PA (0-8 days) and high PA (9+ days). The latter was the last response option on the questionnaires and was deemed to most closely reflect participation in PA on most days, as per guidelines for children. Those who did not fall into this most active category were grouped together into 1 comparison group. Similarly, parental accounts of ST (watching TV/DVD/video) on an average weekday were used to create low (< 3 hours per day) and high (> 3 hours per day) ST categories. This definition of high ST was used, as the next response option of '1-3 hours per day' was not believed to reflect high ST. To assess the combined influence of these factors on OW/obesity, children were categorized into 1 of 4 ST/PA groups ( Table 2) . Chi squared statistics and forced entry logistic regression was used to identify factors associated with OW/obesity and with ST, using SPSS Version 17. Data were presented as adjusted odds ratios (OR) of the likelihood of specified outcomes (adjusted for potential confounding variables). Probability values and 95% confidence intervals for each adjusted OR were presented. Table 1 shows the characteristics of the sample. There was an even distribution of boys (48.7%) and girls (51.3%). Proportions in the different SC categories (SC1-2: 55.4%, SC3-4: 35.5%, SC5-6: 9.1%) reflect those in the general Irish population for individuals aged less than 15 years. Overall, 21.5% of boys were OW/obese compared with 27.7% of girls (P <.05). Obesity rates were also significantly (P < .05) higher among the least affluent children. High ST was equally prevalent in boys and girls and was twice as common (13.9% v 7.1%, P < .05) in the lowest SC group compared with the most affluent. Boys were more likely to be active (P < .05) than girls and PA was not affected by SC. Finally, a greater proportion of girls and children from least affluent backgrounds were in the high ST/ low PA category. Table 2 shows that sedentary indicators such as having a TV in the bedroom and owning a mobile phone were significantly related to OW and obesity regardless of activity status. Furthermore, there was evidence of a dose response relationship between ST and OW/ obesity. The lowest frequency of participation in hard exercise was associated with a greater risk of OW/obesity. Finally, regardless of activity status, girls and the least affluent were more likely to be OW and obese than boys and their more well off counterparts. Children with OW/obese parents were over twice as likely to be in a similar state.
Results
The importance of 2 predictors of OW/obesity described in Table 2 differed across boys and girls. Firstly, the effect of ST was a little more pronounced in boys than girls. The ORs for > 3 hours ST were 2.1 (95% CI: 1.51-2.92) for boys and 1.5 (95% CI: 1.13-2.05) for girls. For those who owned a mobile phone ORs were 1.58 (95% CI: 1.30-1.89) for boys and 1.30 (95% CI: 1.10-1.53) for girls. Figure 1 shows the combined effect of PA and ST on OW and obesity. Compared with the reference group of low ST/high PA, children who reported low ST and low PA had a 38% increased risk (P < .05) of OW/obesity while children who maintained high PA but high ST had a 63% increased risk (P < .05). Finally, children in the high ST/low PA category were twice as likely to be OW/obese (OR = 2.07) than the reference group. While this last observation was similar across boys and girls, risk increased in boys as they went from low ST/low PA to high ST/high PA but not in girls where risk was similar in both of these categories.
The ORs for correlates of high ST (> 3 hours ST) in the overall group and also for high ST in high and low active children are displayed in Table 3 . In the high active group, high ST was associated with low SC, nonmembership of a sports club, owning a mobile phone, having a TV and/or games console in the child's bedroom, watching TV with parents, and child/parental obesity. Many of the correlates of high ST in high active children (SC, parental obesity, mobile phone ownership, and watching TV with parents) were not significant in low active children. Playing with parents and having a computer in a bedroom were significant (P < .05) correlates in the low active group.
Discussion
The novel finding in this analysis is that ST of > 3 hours per day and easy access to screen-based technologies is related to OW/ obesity in preadolescent Irish children, including the children with the highest frequency of hard PA. A dose response relationship was evident between levels of ST and likelihood of OW/obesity with the availability of screen-based technologies associated with high ST. This study reinforces findings in previous research 8, [10] [11] [12] [13] [14] that have demonstrated ST and TV viewing to be associated with indices of body weight, independent of PA status and justifies efforts to reduce ST and access to screen-based technologies as part of pediatric public health initiatives.
Analysis of independent associations with OW/obesity indicates that the association between ST and OW/obesity was apparent even in the most active children in this study (9+ bouts of hard exercise over 2 weeks). ORs for high ST and having a TV in the bedroom for OW/obesity were of similar magnitude in high and low active children. The importance of ST is also evident in the graded associations of the combined analysis. Increasing levels of ST was associated with increased likelihood of OW/obesity regardless of PA level. Furthermore with an OR of 1.38 for low ST/low activity and an OR of 1.63 for high ST/high activity, it appears that increases in frequency of hard exercise does not prevent an increase in the likelihood of OW/obesity as the child increases ST. ST needs to be kept to a minimum regardless of participation in hard exercise. The combined effect of ST and PA may differ slightly between boys and girls however. Among girls there was minimal difference in the risk for OW/obesity between the low ST/low PA (OR = 1.45) and high ST/high PA (OR = 1.56) combined categories. This suggests that the increasing levels of ST did not have an effect on the likelihood of OW/obesity in girls as long as PA also increased. This putative gender difference requires confirmation in future studies.
There is a dearth of studies in the literature examining the combined effects of PA and ST on OW/obesity in preadolescent children. In one previous study of 7-to 12-year-olds 23 high ST and low PA increased the likelihood of OW/obesity 3-to 4-fold compared with the reference category of low ST and high PA. The magnitude of this combined effect is slightly greater than in the current study, possibly because of more objective measurements of PA. Unlike the current study however, the intermediate categories were not significantly different from the reference group, possibly because of the small sample size. One other study 22 involving preadolescents and adolescents showed graded associations of ST and PA with OW/obesity that were similar to those observed in the current study. However neither of these studies demonstrated an increased likelihood of OW/obesity in the most active children. PA was also clearly associated with OW/obesity in the current study with the likelihood of OW/obesity increasing with decreasing frequency of hard exercise. Compared with those who undertook 9 bouts or more of hard exercise fortnightly, the OR of those who undertook 0-5 bouts only was 1.52. The OR for high (vs low) ST was slightly higher at 1.78. In the combined analyses, decreasing frequency of hard exercise was associated with greater likelihood of OW/obesity in boys and girls who had low ST and high ST. It seems both high ST and low PA contribute independently to an increased likelihood of OW/obesity. Data from this analysis also suggests that during childhood, ST may have more of an influence on weight than PA. This supports claims that sedentarism predicts BMI to a greater extent than PA during the ages of 6 to 10 years. 3 Thereafter, the role of PA may become more dominant, 3, 27 which reinforces the need to examine these associations separately in preadolescent and adolescent children. Some studies have demonstrated a relationship between poor dietary behaviors and TV viewing in children. 29, 30 However, the association with high ST in the current study was also independent of sweet food and soft drink intake. The mechanism by which high ST increases likelihood of OW/obesity is therefore unclear.
In this analysis, there was also evidence of a dose response relationship between ST and OW/obesity. Corresponding ORs increased to 1.18 for 1-3 hours of ST per day (P < .05) to 1.78 for 3+ hours (P < .05). In 2001, the American Academy of Pediatrics 31 proposed a recommendation of no more than 2 hours per day of media time for children, which was largely based on concerns about the effect of TV viewing on issues such as aggressive behavior and self-image but did mention the initial discussions at that time about the link between sedentarism and obesity. Subsequent knowledge gains in this area, particularly in relation to the deleterious effects of increasing sedentarism, have led to the acceptance of this cut off point (2 hours daily) for children and adults. Canada was the first country to adopt this recommendation and produce national sedentary behavior guidelines 32 while the UK have included sedentary behavior in their most recent PA guidelines for young people. 33 Based on this analysis of Irish children, it may be incumbent on relevant bodies to consider a similar strategy, as 3 hours ST/day is clearly 'too much' in the context of OW/obesity.
With ST established as a risk factor for OW/obesity in this cohort, the data from this study can provide valuable insights into the ^ OR is significant (P < .05).
predictors of ST. As noted elsewhere 28, 29 decreasing social class was a predictor of ST with a gradient evident and less affluent children were more likely to have TVs in their bedrooms. Independent of social class, sedentary technology in the bedroom was significantly related to high ST among high and low active children. In a review of literature on the correlates of TV viewing it was also found that having a TV in the bedroom was related to TV viewing. 29 The complex associations of social class, sedentary technology and ST warrant further investigation. Mobile phone ownership was also associated with OW/obesity and similar to previous findings 29, 30 parental TV viewing with children was related to ST among the high active children. Factors related to PA such as being a member of a sports club as well as playing outside with parents were related to ST, the latter among least active children only. Current understanding of the predictors of sedentarism remains some way behind that for PA 34 so this analysis is an important contribution to the related evidence base; it appears that 'gadget' children who engage in sedentary rather than active leisure activities particularly with their parents are more likely to report high ST and have an unhealthy weight.
Limitations
The study was cross sectional thus no causal relationships could be identified and it is not clear if ST leads to weight gain or if excess weight causes children to favor sedentary pursuits. In this analysis high ST predicted OW/obesity and OW/obesity predicted high ST. Furthermore the nature of the data collected restricted the analysis somewhat. The categorical data on PA and ST behaviors did not permit the categorization of children into meeting and not meeting ST or PA guidelines using the 2-hour ST criteria and 60 minutes of moderate intensity per day. Despite this, analysis still revealed associations between PA, ST and OW/obesity. Not all of the questions used to collect the sedentary data were derived from previously validated measures and the data were largely self-report, which can lead to recall and social desirability bias. Finally, data on child behavior were collected from parents, however this is suggested for children aged less than 12 35 and prompt cards were used to assist their understanding and improve the accuracy of responses.
Conclusion and Recommendations
Among this cohort of Irish 9-year-olds, ST was significantly related to weight, in high as well as low active children. Further investigation of the relationship between sedentarism and fatness over time is warranted 36, 37 and follow up data on these children will permit this additional analysis. The large sample size in this analysis facilitated a relatively unique investigation of correlates of high ST among high and low active children. In accordance with the independent influence of ST on indicators of health, some predictors of high ST are consistent across high and low active children.
In conclusion, it remains important to promote participation in PA to prevent weight gain and separately, to tackle the factors (mobile Figure 1 -Combined role of physical activity and screen time as predictors of overweight/obesity for overall sample, and boys and girls. OR adjusted for social class, parent BMI, child height, sweet food/soft drink intake. * = OR is significant (P < .05) compared with reference category. ^ OR is significant (P < .05).
phones, TVs in bedrooms, non participation in sport and excessive weight) that appear to be conducive to participation in sedentary behaviors such as screen time.
